FUEL CELL POWER SYSTEM 


BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[001] The present invention relates to a fuel cell power system and, in particular, to 
a fuel cell power system including a fuel cell and a hydrogen storage vessel having a 
hydrogen absorbing material that can store and release hydrogen in order to supply 
hydrogen to the fuel cell. Such a fuel cell power system is mounted in, for example, 
a vehicle. 

DESCRIPTION OF THE RELATED ART 

[002] With regard to conventional power systems of this type, an arrangement 
having heating means that guides low temperature waste heat from a fuel cell to a 
hydrogen storage vessel by means of a blower is known (Japanese Patent 
Application Laid-open No. 5-47400). 

[003] However, the above-mentioned heating means has the problems that the 
hydrogen absorbing materials that can be used therein are limited to those that have 
a low hydrogen release temperature; since such hydrogen absorbing materials have 
a small hydrogen storage capacity per unit weight, the dimensions of the hydrogen 
storage vessel must be increased, and the conventional power systems are of little 
practical use in vehicles. 

SUMMARY OF THE INVENTION 
[004] It is an object of the present invention to provide a fuel cell power system that 
has a catalytic combustor that can provide high temperature heat as a heating 
means for a hydrogen storage vessel, can conserve energy by utilizing low 
temperature waste heat from a fuel cell as a heat source for releasing hydrogen, 
which is a fuel for the catalytic combustor, and can use a hydrogen absorbing 
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material having a high hydrogen release temperature and a high hydrogen storage 
capacity per unit weight, and as a result is practical for use in a vehicle. 
[005] In order to achieve the above-mentioned object, in accordance with 
embodiments of the present invention, there Is proposed a fuel cell power system 
including a fuel cell, a first hydrogen storage vessel having a first hydrogen 
absorbing material that can store and release hydrogen, a catalytic combustor that 
can heat the first hydrogen storage vessel so as to release hydrogen in order to 
supply hydrogen to the fuel cell, and a second hydrogen storage vessel having a 
second hydrogen absorbing material that can store and release hydrogen and has a 
hydrogen release temperature that is lower than that of the first hydrogen absorbing 
material, the second hydrogen storage vessel releasing hydrogen as a fuel for the 
catalytic combustor under heating by waste heat from the fuel cell. 
[006] In accordance with the above-mentioned arrangement, since low temperature 
waste heat from the fuel cell is utilized for supplying hydrogen to the catalytic 
combustor, energy can be conserved. Furthermore, since the catalytic combustor 
can generate combustion heat up to a maximum of about 400°C by reaction 
between hydrogen and air (oxygen), it is possible to utilize a hydrogen absorbing 
material having a large hydrogen storage capacity per unit weight and a high 
hydrogen release temperature that matches the combustion heat. The dimensions 
of the hydrogen storage vessel can thereby be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[007] Preferred embodiments of the invention are described in detail in conjunction 
with the drawing figures, in which: 

[008] FIG. 1 is a schematic diagram of a fuel cell power system in accordance with 
embodiments of this invention; 

[009] FIG. 2 is a schematic diagram of the fuel cell power system when its 
operation is starting in accordance with embodiments of this invention; 
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[0010] FIG. 3 is a schematic diagram of the fuel cell power system immediately after 
its operation has started in accordance with embodiments of this invention; and 
[0011] FIG. 4 is a schematic diagram of the fuel cell power system in normal 
operation In accordance with embodiments of this invention. 

DETAILED DESCRIPTION OF THE PREFERRED ElVlBODIMENTS 

[001 2] A fuel cell power system 1 shown in FIG. 1 is equipped with a solid polymer 
type fuel cell as a fuel cell 2, which has an operational temperature of 80°C. The 
fuel cell 2 has a plurality of cells 3 in a stack, and each of the cells 3 includes a solid 
polymer electrolyte membrane 4, an air electrode-forming part 5 and a fuel 
electrode-forming part 6 with the solid polymer electrolyte membrane 4 interposed 
therebetween. To an entrance of the air electrode-forming part 5 is connected an air 
supply source 8 via a pipeline 7, and to an exit thereof is connected a pipeline 9 for 
discharging steam and unreacted air that has not contributed to power generation. 
To an entrance of the fuel electrode-forming part 6 is connected a first hydrogen 
storage vessel 11 via a pipeline 10, and to an exit thereof is connected a pipeline 12 
for discharging steam and unreacted hydrogen that has not contributed to power 
generation. It is arranged that the unreacted hydrogen is recycled as fuel for the fuel 
cell 2. The output side of the fuel cell 2 is connected to, for example, a motor 14 via 
an electrical cable 13. 

[0013]The first hydrogen storage vessel 11 comprises a tank and a first hydrogen 
storage alloy as a first hydrogen absorbing material MH1 with which the tank is filled 
up. With regard to examples of the alloy MH1 , Mg system alloys such as MgaNi 
alloy and Mgg/Nia alloy (units in the figures are atom %) can be cited; the hydrogen 
release temperature of the MgaNi alloy is about 250°C and that of the MggyNia alloy 
is about 280°C. 

[0014] In the pipeline 10 between the first hydrogen storage vessel 11 and the fuel 
cell 2 are disposed a first three way valve 15 in the vicinity of the hydrogen storage 
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vessel 1 1 and a second three way valve 16 in the vicinity of the fuel cell 2. The first 
three way valve 15 and one entrance of a catalytic combustor 17 are connected to 
each other via a pipeline 18, and the second three way valve 16 and an entrance of 
a second hydrogen storage vessel 19 are connected to each other via a pipeline 20. 
[0015]The second hydrogen storage vessel 19 comprises a tank and a second 
hydrogen storage alloy as a second hydrogen absorbing material MH2 with which 
the tank is filled up. With regard to examples of the alloy MH2, LaNis alloy, 
MmNi4.5Alo.5 alloy (Mm: misch metal), Zr(Coa75Vo.25)2 alloy, etc. can be cited; the 
hydrogen release temperature of the LaNis alloy is about 15°C, that of the 
l\/lmNi4.5Alo.5 alloy is about 2Q''C and that of the Zr(Coo.75Vo.25)2 alloy is about 50°C. 
These temperatures are lower than the hydrogen release temperature of the first 
hydrogen storage alloy MH1 , and lower than the temperature of waste heat from the 
fuel cell 2 which is 70°C. The exit of the second hydrogen storage vessel 19 is 
connected to the other entrance of the catalytic combustor 17 via a pipeline 21 . 
[0016]The catalytic combustor 17 contains platinum, palladium, etc. as a catalyst. 
Hydrogen supplied from the first and second hydrogen storage vessels 11 and 19 
and air, that is to say, oxygen, that is supplied from the outside are reacted in the 
presence of the catalyst. Combustion heat can thus be generated up to the 
maximum 400°C, which exceeds the hydrogen release temperature of about 250°C 
to about 280°C of the first hydrogen storage alloy MH1. One exit of the catalytic 
combustor 17 is connected to the first hydrogen storage vessel 11 via a first heat 
conveying passage 22, and the other exit thereof is connected to the fuel cell 2 via a 
second heat conveying passage 23. Furthermore, a heat conveying passage 24 is 
provided between the second hydrogen storage vessel 19 and the fuel cell 2. 
[0017]The first hydrogen storage vessel 11, the catalytic combustor 17 and the first 
three way valve 15 are housed within a thermal insulation housing 25 having a 
vacuum insulation structure. The thermal insulation housing 25 prevents the 
combustion heat generated by the catalytic combustor 17 from diffusing outside the 
system and maintains the temperature of the first hydrogen storage vessel 1 1 at 
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about 250''C to about 280°C after the fuel cell 2 has finished operating, the 
temperature being maintained for about 48 hours, although this depends on the 
season, etc. In this case, the insulating function can be enhanced by placing a heat 
storage material within the thermal insulation housing 25. 
5 [001 8] As shown in FIG. 2, when starting operation of the fuel cell 2, the first 
hydrogen storage vessel 11, the catalytic combustor 17 and the second hydrogen 
storage vessel 1 9 that has a reduced amount of stored hydrogen are connected to 
each other via the first and second three way valves 15 and 16 so that hydrogen that 
has been released from the first hydrogen storage vessel 11 is supplied to the 
10 catalytic combustor 17 via a section of the pipeline 10, the first three way valve 15 

O and the pipeline 18 and the hydrogen that has passed through first three way valve 
15 is supplied to the second hydrogen storage vessel 19 via a section of the pipeline 

LH 10, the second three way valve 16 and the pipeline 20. Hydrogen is burned in the 

S catalytic combustor 17, combustion heat at about 250°C to about 280°C that 
15a matches the hydrogen release temperature of the first hydrogen storage alloy MH1 

b is supplied as heat for hydrogen release to the first hydrogen storage vessel 1 1 via 
the first heat conveying passage 22, and surplus heat from the catalytic combustor 

^ 17 is supplied to the fuel cell 2 via the second heat conveying passage 23 as heat 
for preheating. On the other hand, in the second hydrogen storage vessel 19, the 
20 second hydrogen storage alloy MH2 stores hydrogen thereby generating heat, and 
the heat so generated is supplied to the fuel cell 2 via the heat conveying passage 
24 as heat for heating. 

[001 9] When the amount of hydrogen released from the first hydrogen storage 
vessel 1 1 increases, as shown in FIG. 3 the second three way valve 16 provides an 
25 additional connection between the first hydrogen storage vessel 1 1 and the fuel cell 
2, and the hydrogen released from the first hydrogen storage vessel 1 1 is thereby 
supplied to the fuel cell 2 via the pipeline 10. Since air is also supplied to the fuel 
cell 2 from the air supply source 8 via the pipeline 7, the fuel cell 2 starts operating 
and supplies its output to the motor 14. 


42887V1 


[0020] As shown in FIG. 4, when the fuel cell 2 Is in nornnal operation, only the first 
hydrogen storage vessel 1 1 and the fuel cell 2 are connected to each other via the 
first and second three way valves 15 and 16. and hydrogen released from the first 
hydrogen storage vessel 11 is supplied to the fuel cell 2 via the pipeline 10 so 
continuing its operation. Furthermore, since the waste heat at about VO^'C from the 
fuel cell 2, for example, from its cooling water, is supplied to the second hydrogen 
storage vessel 19 via the heat conveying passage 24, the second hydrogen storage 
alloy MH2 releases hydrogen and the released hydrogen is supplied as a fuel to the 
catalytic combustor 17 via the pipeline 21. The first hydrogen storage vessel 11 
thereby continues to release hydrogen. 

[0021]The first hydrogen storage vessel 11 may be equipped with an auxiliary 
heater as, for example, an emergency heat source when the temperature decreases 
after being left standing for a long time or an additional heat source when an extra 
fast hydrogen release response is required. It is also possible to use a carbon 
adsorbing material as a hydrogen absorbing material. Furthermore, the fuel cell 2 
and the second hydrogen storage vessel 19 can be integrated so as to efficiently 
convey waste heat from the fuel cell 2 to the second hydrogen storage vessel 19. 
[0022] In accordance with the above-mentioned arrangement of the present 
invention, high temperature combustion heat can be generated while conserving 
energy, thereby providing a fuel cell power system that can use a hydrogen 
absorbing material having a high hydrogen release temperature and a high hydrogen 
storage capacity per unit weight, the fuel cell power system achieving a reduction in 
the dimensions of the first hydrogen storage vessel and being practical for use in a 
vehicle. 
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